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Abstract 

The results of searches for selectrons, charginos and neutralinos performed with 
the data collected by the ALEPH detector at LEP at centre-of-mass energies up to 
209 GeV are interpreted in the framework of the Minimal Supersymmetric extension 
of the Standard Model with R-parity conservation. Under the assumptions of gaug- 
ino and sfermion mass unification and no sfermion mixing, an absolute lower limit 
of 73GeV/c^ is set on the mass of the lighter selectron cr at the 95% confidence 
level. Similarly, limits on the masses of the heavier selectron bl and of the sneutrino 
Pe are set at 107 and 84GeV/c^, respectively. Additional constraints are derived 
from the results of the searches for Higgs bosons. The results are also interpreted 
in the framework of minimal supergravity. 
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1 Introduction 



Supersymmetry [|I| predicts the existence of a supersymmetric partner for each Standard 
Model particle chirality state. In this letter, the results of standard searches for 
sleptons {£) and charginos (x^) in e^e~ collisions, already reported by ALEPH in 
Refs. 0, ^, are combined with those of selectron and neutralino searches specifically 
developed for final states not considered in the former analyses. The results of these 
searches allow an absolute lower limit to be set on the selectron and sneutrino mass. 

The theoretical framework is the Minimal Supersymmetric extension of the Standard 
Model (MSSM) |Q, with R-parity conservation and the assumption that the lightest 
supersymmetric particle (LSP) is the lightest neutralino Xv The notations and 
conventions of Ref. are used for the MSSM parameters. The interpretation of the 
results in terms of mass limits is done under the assumption of gaugino and sfermion 
mass unification to common gaugino and scalar masses, mi/2 and mg, at the GUT scale. 
At the electroweak scale, gaugino masses are determined at tree level by mi/2, the Higgs 
mass term and tan the ratio of vacuum expectation values of the two Higgs doublets, 
assumed to be greater than 1 as is usual in the MSSM. 

Charged and neutral slepton masses are expressed as indicated in Eqs. from 
which it can be seen that the supersymmetric partner of the right-handed electron cr is 
the lighter of the two selectrons. 

= mQ + 0.15 ~ ""^z cos 2/? sin^ 6'w (1) 

2 

m| = ml + 0.52 ml/^ - ^ cos 2/? (l - 2 sin^ ^w) (2) 

2 

ml = ml + 0.52ml/2 + ^ cos 2p (3) 

Mixing effects, proportional to the mass of the Standard Model partner, are expected to 
be small for selectrons, and are therefore neglected throughout. For the results obtained 
in the MSSM, the mixing is set to zero for all sfermions by enforcing the parameters Af 
to their no-mixing values, Af = fi tan (3 or fi cot (3 for down-type and up-type sfermions, 
respectively. 

The results of Higgs boson searches are exploited to further constrain the selectron 
and sneutrino masses at small tan/5 values, for any values of the pseudoscalar neutral 
Higgs boson mass ttt-a and of A^, the trilinear coupling in the stop sector. 

Tighter limits are also set in the framework of a highly constrained MSSM version 
known as minimal supergravity (mSUGRA) In this model, m^ also derives from the 
common scalar mass mo at the GUT scale, the value is predicted from dynamical 
electroweak symmetry breaking, and the trilinear coupling at the GUT scale, Aq, is 
common to all sfermions. In this letter, = is assumed. 

The data used in the analyses entering the present combination were collected with 
the ALEPH detector at LEP, at centre-of-mass energies ranging from 183 to 209 GeV. The 
corresponding integrated luminosities are given in Table The results of the dedicated 
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searches for selectrons and neutralinos in the data collected in the year 2000 are reported 
in this letter. These selections address 

(i) the eReL production to investigate, as described in Ref. P], small mass differences 
between en, and Xi, for which the selections of Ref. become ineffective; 

(ii) the X1X3 production with a subsequent neutralino decay into slepton Xl ^ ^R^, to 
cover specific regions of the MSSM parameter space in which none of the selections 
of Refs. 0, 1^, 1^ constrain the mass of the selectron. 

This letter is organized as follows. In Section 2, the search strategy towards an 
absolute lower limit on the selectron and sneutrino masses is explained. The ALEPH 
detector is briefly described in Section 3. The selections developed for the two specific 
final states mentioned above are presented in Section 4, and the interpretation of their 
results, combined with those of previous analyses, is given in Section 5. 

All limits reported in this letter are at the 95% confidence level. 
Table 1: Integrated luminosities collected between 1997 and 2000 and average centre-of-mass energies. 



Year 


1997 


1998 


1999 


2000 


(GeV) 


182.7 


188.6 


191.6 


195.5 


199.5 


201.6 


205.2 


206.6 


208.0 


C (pb-^) 


56.8 


173.6 


28.9 


79.8 


86.2 


42.0 


75.3 


122.6 


9.4 



2 Search strategy 

An absolute lower limit on the lighter selectron mass can be derived by a scan of the MSSM 
parameters, mo, mi/2, tan/3 and /x. In the absence of sfermion mixing, these parameters 
suffice to determine the masses and couplings of gauginos and sleptons at tree level, and 
therefore the relevant production cross sections and decay branching fractions. The scan 
is performed for tan/5 between 1 and 50, and /i between —10 and +10TeV/c^. For itlq 
and mi/2, the explored range is limited to values smaller than from 100 to 200 GeV/c^ 
to keep the selectron masses below the LEP kinematic limit. The scan of mi/2 is further 
bounded from below by the absolute lower limit on the mass of the LSP, set at 37 GeV/ 
in Ref. under the same hypotheses as those used in this letter. 

For large mass differences AM (AM ^ 10 GeV/c^ ) between the lighter selectron and 
the lightest neutralino, the standard 6^6^ searches [0 apply as long as selectrons decay 
predominantly into ex?, and allow selectron masses to be excluded beyond 90 GeV/c^. 
The efficiency of this selection decreases with AM. Indeed, for small AM values 
(below 4 GeV/c^), the searches can barely improve on the limit obtained from the Z 
width measurement at LEP 1 0] . 



2 



However, this case can be covered as described in Ref. by a search for the eReL 
associated production, with the subsequent decay of both sparticles into exi- In this final 
state, at least one energetic electron stems from the decay of the heavier selectron. For 
AM values in excess of ~ 2GeV/c^, the additional low-momentum electron remains 
visible. The standard selectron searches are therefore efficient at selecting the crCl 
production by merely adapting the electron momentum sliding cuts as a function of the 
lighter selectron and neutralino masses. For very small AM values, the low momentum 
electron is not reconstructed, such that the final state consists of a single electron and 
missing energy. The results of the search for this topology, investigated in Ref. |^ and 
updated at centre-of-mass energies up to 202 GeV in Ref. 0, are reported here at the 
highest energies produced by LEP 2 in the year 2000. 

In large parts of the parameter space, the lower limit on the selectron mass is set by 
using a combination of the above-mentioned selectron searches. Problems occur in certain 
regions characterized by small values of tan/?, and ttiq, which lead to light X2 with a 
high photino field content. Predominant selectron cascade decays via the X2 yield final 
states not selected by the standard selectron searches. In this case, the charginos are 
also light such that the region is in general excluded by chargino searches. This coverage 
vanishes in the so called corridor , a subset of model parameters for which the chargino 
and the sneutrino are degenerate in mass. In the corridor, the final state arising from 
the chargino two-body (2B) decay into ui, dominant over the three-body (3B) decay into 
Xiff, is in practice invisible. 

In this case, though, the xt is light enough for the X1X3 production cross section with 
a X3 decay into ii to be sufficient to cover this peculiar region. Searches for six different 
final states, according to the slepton decay (direct or cascade) and flavour (e or /i), were 
developed to address the associated neutralino production, and their results are reported 
here. 

The low-tan j3 region is also covered by the result of the searches for the lighter neutral 
scalar Higgs boson h as described in Ref. [Q. However, because the lower limit on 
tan/3 varies rapidly with the top quark mass through radiative corrections to mh, the 
uncertainty on mtop renders this indirect limit less robust than that obtained with the 
direct selectron searches. 

3 The ALEPH detector 

A thorough description of the ALEPH detector and its performance as well as of the 
standard reconstruction and analysis algorithms can be found in Refs. [§, ^ . Only a brief 
summary is given here. 

The trajectories of charged particles are measured by a silicon vertex detector, a 
cylindrical multi-wire drift chamber and a large time projection chamber (TPC). Charged 
particle trajectories are called good tracks if they are reconstructed with at least four 
space points in the TPC, a transverse momentum in excess of 200MeV/c, a polar angle 
with respect to the beam such that | cos6'| < 0.95, and if they originate from within a 
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cylinder of length 20 cm and radius 2 cm coaxial with the beam and centred at the nominal 
interaction point. In addition, good tracks must not be compatible with arising from a 
photon conversion to e"'"e~ identified as pairs of oppositely-charged particles satisfying 
stringent conditions on their distance of closest approach and their invariant mass. 

The tracking devices are immersed in an axial magnetic field of 1.5 T, provided by a 
superconducting solenoidal coil and surrounded by a highly segmented electromagnetic 
calorimeter (ECAL). The ECAL is used to identify electrons and photons by the 
characteristic longitudinal and transverse developments of the associated showers, and 
is supplemented for low momentum electrons by the measurement in the TPC of the 
specific energy loss by ionization. 

The iron return yoke is instrumented with streamer tubes as a hadron calorimeter 
(HCAL). It provides a measurement of the hadronic energy and, together with external 
muon chambers, efficient identification of muons by their characteristic penetration 
pattern. Luminosity monitors extend the calorimeter coverage down to 34mrad. 

Global event quantities such as total energy, transverse momentum or missing energy, 
are determined from an energy-flow algorithm which combines all the above measurements 
into charged particles (electrons, muons, charged hadrons) , photons and neutral hadrons, 
which are the basic objects used in the selections presented in this letter. 



4 Event Selection 



The selection criteria described below were optimized with the Ng^ prescription |T^ which 
consists in minimizing the upper limit on the signal cross section expected in the absence 
of signal processes. To do so, the selections were applied to fully simulated standard 
model background samples, generated as in Ref. 0] for e+e~ ff, WW, ZZ, Zee, Weu, 
Zuu, and for 77 interactions. The simulation of the associated eReL and X1X3 production 



was performed with SUSYGEN |11 



4.1 Update of the search for associated e^eL production 

The selection of single-electron flnal states, described in detail in Ref. 0, was applied to 
the highest centre-of-mass energy data, with the kinematic cuts appropriately rescaled. 
The numbers of candidate events observed and background events expected are given in 
Table 0, together with the results of previous years [^, ^, 

The total number of events in the data is significantly smaller than expected from 
standard background sources, dominated by the processes e+e~ — > Wez/ and e"'"e~ —>■ Zee. 
A study of this 2.2 standard deviation deficit led to the conclusion that it is unlikely to be 
of systematic origin. In particular, the distributions of all relevant kinematic quantities 
are in qualitative agreement with those expected from the production of the Wez/ and the 
Zee final states as is exemplified in Fig. ^ for the total and the transverse momentum of 
the leading electron at centre-of-mass energies in excess of 188.6 GeV. The total cross 



4 



Table 2: Numbers of candidate events observed (A'obs) and background events expected (A^cxp) for the 
single-electron selection. 



Energy ( GeV) 


iVexp 


iVobs 


182.7 


6.6 


5 


188.6 


13.8 


8 


191.6 


2.7 


2 


195.5 


7.5 


9 


199.5 


8.2 


9 


201.6 


4.2 


2 


205.2 


7.7 


5 


206.6 


13.8 


7 


208.0 


1.0 





Total 


65.5 


47 



sections predicted for e+e" Wei/ by several generators (PYTHIA 0, GRACE4F 
show no difference beyond the 10% level, which would account for only a third of the effect. 
Notwithstanding the probable statistical origin of this deficit, it is conservatively taken 
into account in deriving signal cross-section upper limits as is explained in Section pTT| . 



4.2 Search for associated XiXa production 

The Xs decay modes considered in the present analysis are listed in Table ^ The xt 
decay via selectrons or smuons leads to final states with electrons, muons and possibly 
photons. The selection criteria used in these analyses are based on the acoplanar lepton 
or single electron analyses. The selection cuts are optimized and adapted for each specific 
decay topology. The number of good tracks in the detector depends on the decay mode 
and on the mass differences involved. 



• In decay mode A, one or two good tracks (electrons or muons) are expected. 
The acoplanar lepton and the single electron searches are therefore applied as 
preselections with no modification. The latter is extended to also cover the single 
muon topology, by substituting muon identification for electron identification. 

• In decay mode B, the xt decay yields a high momentum lepton and typically three 
softer leptons. For large AM^o^o at least three good tracks (electrons or muons) 
are required, and the acoplanar lepton search is applied as a preselection on the two 
leading tracks. The single-electron or single-muon selections, modified to accept up 
to three low momentum tracks, bring additional efficiency for small AM^o^o and 
AM« n values. 

'■RX2 
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Table 3: Leptonic Xs decay modes and final states. In the present analysis only decay modes via 
selections and smuons are considered. 



decay mode 












final state 


A - 




+ 


i 






one or two leptons 




iR 




X? 


+ 


i 




B - 


Ir 

iR 


+ 


i 

x^ 
x^ 


+ 


i 

x?+ a 


one to four leptons 


c X^ - 


Ir 


+ 


i 






one or two leptons 




iR 




too to o 


+ 


i 

Xi+ 7 


and a photon 



• In decay mode C, one or two good tracks are expected, accompanied with an 
energetic photon. The acoplanar-lepton and the single-lepton selections are therefore 
applied, modified by requiring a photon with an energy in excess of 5 GeV. 
Furthermore, its angular separation and invariant mass with any good track must 
be larger than 10° and 2 GeV/c^, respectively. 

Because of the specific kinematics of the final states arising from XiXa? other common 
requirements are applied. In particular, the presence of two invisible Xi's leads to large 
missing energy. To reduce the dominant backgrounds from WW and ZZ processes, 
the visible mass is therefore required to be smaller than 80GeV/c^. Moreover, as 
the leading lepton is expected to be more energetic in XiXs production than in direct 
selectron production, the cuts on its momentum pi and its transverse momentum pTi 
are significantly tightened. The additional background from 77 processes selected with 
three or four good tracks is efficiently reduced by these cuts. Finally, the acoplanarity 
cut ($aco) is relaxed in some cases to preserve a reasonable signal efficiency. The basic 
selections and the additional/modified criteria for each of the final states are summarized 
in Table |. 

The numbers of candidate events observed (A^'obs) and background events expected 
(A'exp) for the three analyses are given in Table ^. 

The results of analysis A are similar to those described in Ref. and in Section |4.1| 
for the slepton searches. The selection of three to four leptons in analysis B yields only a 
small number of expected background and candidate events. The deficit in the selection of 



l(+3) leptons is correlated to that in the single-electron selection presented in Section 
In analysis C, the background expectation is strongly suppressed by the requirement of a 
high-energy photon in the final state. 

Finally, sliding cuts on the momenta of the leading two leptons are applied as a 
function of and m^o. These cuts are defined by the momentum ranges expected for 
the kinematics of the decay chain involved. 
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Table 4: Selection criteria for the three X1X3 decay modes A, B and C for different final states. The 
numbers of additional good tracks with low momentum are indicated in brackets for each of the final 
states. 



Signature 


Basic Selection 


Modified Cuts 


A 2 i 

i{+i)e 


Acoplanar Leptons 
Single Electron 


M^is < 80 GeV/c^ pi > 6%^ 
Selection extended to single muons 


B 3-4 i 
l(+3) £ 


Acoplanar Leptons 
Single Lepton (A) 


Three to four good tracks 

Standard cuts on the two leading tracks 

Mvis < oUGeV/c , pi > q7q^s 

PTl > 10%v^, 

Energy of additional good tracks < 2%y/s 
In case of > 2 good tracks: M^is > 4%a/s, 

$aco < 170° 


C 2^+7 

l(+l)£+7 


Acoplanar Leptons 
Single Lepton (A) 


One isolated 7 (see text), > 5 GeV, 

PTi > 8 GeV/c, M,is < 80 GeV/c^ 

One isolated 7 (see text), > 5 GeV, 

For one good track: pi < 46.5%^/s, $aco < 175° 



5 Results 



5.1 Systematic uncertainties and cross section upper limits 



The main systematic uncertainties on the background and signal predictions arise 
from the statistics of the simulated samples and from the simulation of the lepton 
identification 0). Both the background and signal expectations are conservatively reduced 
by this uncertainty. The predicted background contribution from e"'"e~ Wez/ is further 
reduced by 10 % to account for the theoretical uncertainty of the production cross section. 
A systematic correction of —14% is also applied on the signal efficiencies to account for 
the effect of the cut on the energy detected at small polar angle P|. 

The optimal combination of selections is chosen according to the Ng^ prescription for 
each set of MSSM parameters tested. To derive cross section upper limits, the dominant 
background (e+e~ WW for the selections based on the acoplanar-lepton search, and 
e"'"e~ — i> Zee and Weu for those based on the single-track search) is subtracted with the 



method of Ref. 15 



5.2 Limit on mgj^ 

In the MSSM framework, the upper bounds on the cross section allow lower limits to be 
set on the lighter selectron mass with a scan of the four relevant parameters, mo, rni/2, 
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Table 5: Numbers of candidate events observed (A'obs) and background events expected (A^cxp) for the 
X1X3 selections in the year 2000 data set. 



Signature 


iVexp 


iVobs 


A 


2 e 


16.5 


18 




2 /i 


15.0 


23 




1(+1) e 


22.5 


12 




1(+1)^ 


13.7 


9 


B 


3-4 £ 


4.4 


2 




l(+3) £ 


33.6 


17 


C 


2£+7 


2.1 


3 




l(+l)£+7 


3.8 


4 



II and tan/3, as described in Section |[ These limits are presented here in the (mo, mi/2) 
plane. 

For large tan/3 values (in excess of ~ 7), small differences AM between the e^ and 
Xi masses are only allowed for large Xi masses. Any selectron mass below 92GeV/c^ is 
therefore excluded by the standard eReR searches in this region of the parameter space. 

For smaller tan (3 values, small AM occur at lower Xi niasses and the limit set by e^eR 
searches therefore becomes less stringent. For tan/3 values smaller than 2.6, the single 
electron search takes over, as long as remains greater than 70GeV/c^. The smallest 
non-excluded selectron mass, 171^^^ = 73GeV/c^, is found in this region (tan/3 = 1.5 and 
fi = — 5TeV/c^), for mi/2 = 179GeV/c^ and ttiq = 2GeV/c^, as displayed in Fig. 

Small negative values of fi are in general excluded by either chargino searches or 
neutralino searches for any selectron mass value. An example is shown in Fig. |^ where the 
exclusion domains in the (mo, mi/2) plane are given for tan (3 = 1.0 and fi = —45 GeV/ 
with and without the dedicated neutralino searches. It can be seen that the additional 
X1X3 searches allow the chargino corridor to be covered. The overall limit on mgj^ is 
therefore set by the SrSl analysis at larger negative values of /i where the mi/2 coverage 
of the chargino searches is reduced due to larger chargino and neutralino masses. 

The limit on mgj^ is shown in Fig. ^ as a function of tan /3. Each point represents the 
result of a scan over fi, mi/2 and mo, allowing an absolute lower limit on the selectron 
mass to be set at mgj^ > 73 GeV/ c^. 

5.3 Limits on and rrie^ 

The present analysis can also be used to derive limits on the masses of the heavier selectron 
and the sneutrino, exploiting the relations given in Eqs. @ and (§). For a given value 
of tan /3, mg^ and take their minimal values for the same parameter combination, 
because the difference between the masses of these two sparticles is only a function of 
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tan/3. Because the mi/2 dependence is stronger for mg^ and mc, than for mgj^, the hmits 
are found at smaller values of mi/2 and larger values of tuq. In general, these limits are 
located at the intersection of the exclusion borders of the selectron and chargino searches 
or, for tan/? < 1.5, at the selectron exclusion-border for m^o = 37GeV/c^ 0. 

The lower limits on and rric, are shown in Fig. ^ as a function of tan j3. The basic 
shape reflects the opposite tan /5-dependence of mg^ and m/j. The overall limit for the 
heavier selectron is found to be mg^ > 107 GeV/ for tan P = 1.0 and /i = —80 GeV/ c^. 
For the sneutrinos, an overall limit of > 84 GeV/ is obtained for tan/3 > 10 and 
/i < -1000 GeV/ c2. 

5.4 Constraints from Higgs boson searches 

As explained in Ref. 0, a lower limit on the mass of the lightest CP-even Higgs boson 
(mh) can be translated into a lower limit on mi/2 as a function of tan/? for a given value 
of rriQ. The A boson mass ttia and the stop mixing, controlled by (At —/i cot (3), are chosen 
in a way that maximizes mh for a given set of mi/2, rriQ and tan/3. The limit on mi/2 
decreases with increasing niQ. Therefore, the choice mo = 100 GeV/c^, corresponding 
to the kinematic limit for selectron production (Eq. P, is conservative for the present 
analysis. 

The limit becomes less stringent with increasing mtop- The impact of the mtop 
uncertainty (±5GeV/c^) is estimated by performing the calculation for mtop = 175 and 
180GeV/c^. The results are obtained with the ALEPH lower limit on mh 0. The limit 
on mi/2 decreases rapidly with increasing tan/?, hence the impact of the Higgs boson 
searches on the present results is sizeable only for small tan j3. 

The resulting lower limits on rrie^, 171%^ and m^; are shown in Figs. ^ and ^ for 
'^top = 175 (180)GeV/c^. The overall limit on mgj^ is found at tan/3 = 2.8(2.4), 
mgj^ > 77(75) GeV/c^. The limit on mgL is found to be mg^^ > 115(115) GeV/c^. Since 
the limit on mj> is found at large tan/3, the constraints from Higgs boson searches have 
no impact in this case. 

5.5 Interpretation in mSUGRA 

The results of the searches for selectrons, charginos, neutralinos and Higgs bosons are also 
combined within the framework of minimal supergravity, following the analysis presented 
in Ref. [0. Scans of the (mo,mi/2) plane are performed as a function of tan/?, for both 
signs of fj, and for Aq = 0. 

The results of the neutral Higgs boson searches [5] are interpreted for hZ, HZ and hA 
production, where h and H are, respectively, the lighter and the heavier CP-even Higgs 
bosons, and A the CP-odd Higgs boson. 

In minimal supergravity, the trilinear couplings Ar, and At are unambiguously 
predicted from the model parameters. Mixing effects can therefore not be arbitrarily 
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switched off as is done in the previous sections. While mixing in the squark sector 
is relevant only for the Higgs boson mass and coupling prediction, mixing in the stau 
sector can lead to a stau much lighter than selectrons and smuons, thus affecting the 
decay phenomenology of charginos, neutralinos and Higgs bosons. Decays into staus may 
indeed become predominant and lead to final state topologies with taus. These topologies 
are not always efficiently covered by the searches described in the previous sections, in 
particular if the mass difference between the lightest neutralino and the stau is small. 
Three additional searches are used to address this new situation: 



1. the search for the associated neutralino production e^e^ —>■ X2X1 with the 
subsequent decay X2 ^ Xi^t 0], leading to at least one visible r in the 
final state; 

2. the search for an invisible Higgs boson which covers the e"'"e~ hZ process 
followed by the decay h ^ ff ^ XiXi^t; 

3. the search for heavy stable charged particles |]18[ which addresses the stau-pair 
production e"'"e^ ff when the mass difference with the LSP is smaller than m^. 



The impact of each of the analyses (standard and additional) in the {ttlq, 771112) plane 
is illustrated in Figs, ^a to ^ for two typical tan/5 values, tan/? = 15 and 30, and for 
both signs of /x. In general, small mi/2 values are excluded by selectron and Higgs boson 
searches. Small mo values either are theoretically forbidden or correspond to a stau LSP. 

The excluded domains in the (mo, mi/2) plane can be translated into lower limits 
on mgj,, m^L and m£;, shown in Fig. |^ as a function of tan/?, for mtop = 175GeV/c^ 
and for both signs of /i. With increasing tan/3, the domains covered by Higgs boson 
searches shrink, while the regions with a stau LSP extend because of mixing effects in the 
stau sector. The minimal combined exclusion is reached for intermediate tan/? values, 
around 15. The structure at large tan/? is due to a loss of sensitivity of the combined 
search for the hZ and HZ processes. As can be seen in the example shown in Fig. ^e, a 
non-excluded channel of the (mo,mi/2) plane opens up, in which the hZ coupling is too 
small and the H mass too large for the hZ and HZ production to contribute significantly. 

Altogether, a lower limit on the selectron mass of 95 GeV/c^ is derived for = 
and for both signs of /i. For the heavier selectron and the sneutrino, mass lower limits of 
152 and 130 GeV/ are obtained, respectively. 



6 Conclusions 



The results of searches for selectron, chargino and neutralino production in the data 
collected by ALEPH at centre-of-mass energies up to 209 GeV have been interpreted 
in the framework of the MSSM with R-parity conservation, gaugino and sfermion mass 
unification, and no sfermion mixing. A scan over the four parameters tan/5, /x, mi/2 and 
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mo has been performed to determine the following lower limits on the masses of selectrons 
and sneutrinos: 

m-e^ > 73GeV/c^ 
m-e^ > 107GeV/c^ 

> 84GeV/cl 

These limits improve on earlier results obtained at lower centre-of-mass energies by the 
L3 collaboration p9| . 

The limits on the selectron masses can be further improved by including constraints from 
Higgs boson searches. The results depend slightly on the value of the top quark mass. 
For mtop = 175(180) GeV/c^, mass limits of 

mgj, > 77(75) GeV/c^, 

> 115(115) GeV/c^ 

are obtained. 

Within minimal supergravity, mass lower limits have been set at 

mgj^ > 95GeV/c^, 

> 152 GeV/c^ 

> 130GeV/c^ 

for Ao = and mtop = 175GeV/c2. 
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Figure 1: Comparison between data (dots with error bars) and expected backgrounds (histograms) after 
the single-electron selection cuts for centre-of-mass energies ranging from 189 to 209 GeV. Distributions 
of (a) the momentum Pi and (b) the transverse momentum Pti of the leading electron. 
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Figure 2: Regions excluded in the (mo, ^1/2) plane by direct searches for selections and charginos for 
tan/3 = 1.5 and /i — — 5000GeV/c^. The dark-shaded regions are theoretically forbidden (AAf < 0) 
or excluded by LEPl [Q or the LSP limit The light-shaded regions are excluded by direct searches 
for chargino two-body (2B) and three-body (3B) decays H, The hatched region is excluded by the 
selection search. Lines of constant AM values and of constant mgj^ values are also shown. The thick line 
indicates the kinematic limit for eRCR production. 
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Figure 3: (a) Regions excluded in the (toq, mi/2) plane by direct searches for selectrons and charginos, 
for tan/3 = 1.0 and fj, = — 45GeV/c^. The selectron limit at large mo is a line of constant m.1/2, where 
the photino field content of the X2 becomes large enough for the selectrons to decay predominantly via 
cascades. The thin dashed curves are the lines of constant br mass, and the thick dashed curves are 
the lines of constant mass difference with the LSP. Because the LSP mass does not depend on mi/2 
above 95GeV/c^, the iso-AM lines become identical to the iso-mgj^ lines, (b) Same as (a), including the 
regions that can be covered by dedicated X1X3 searches (dark shaded) . The same hatching and shading 
conventions as in Fig. |^ are adopted. 
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Figure 5: Limits on 7715^ (a) and rnp (b) as a function of tan/3. The limit from the Higgs boson 
searches for mtop = 175(180) GeV/ is given by the dashed(dotted) hne. 
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Figure 6: Minimal Supergravity scenario: regions excluded in the (ttiq, mi/2) plane for tan/? = 15, 30 
and 44 and for Aq = 0. Region 1 is theoretically forbidden. The other regions are excluded by LEPl (2), 
and by searches for charginos (3), selectrons (4), staus (5), Higgs bosons (6), stable charged particles (7), 
and associated neutralino production (8). 
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Figure 7: Limits within mSUGRA on mgj^ (a), mg^ (b) and mo (c) as a function of tan/3 for /i < 
(dashed Une) and /i > (full line). Detailed explanations about the structure at large tan/3 values can 
be found in Section 5. q. 
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